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(57) Abstract 

Coupling of C3d molecules or ligands of CD21 or CD 19 to an antigen alters the level of immune response to the immunogen upon 
its administration to an individual. For C3d. the magnitude of the effect is dependent on the number of C3d molecules included in the | 
conjugate. Conveniently, C3d molecules or CD21/CD19 ligands are coupied to an immunogen in fusion polypeptides which may be produced | 
by expression from encoding nucleic acid, for instance by culturing host cells containing the nucleic acid. Other means of associating the j 
molecules include chemical cross -linking and co-expression on the surface of a carrier structure. Administration of compositions comprising, 
in a preferred embodiment. C3d molecules and an immunogen of interest may be used prophyiactically by virtue of the immunological 
memory induced) or therapeutically. The administration may be for the purpose of raising antibodies to the immunogen. A T-cell response 
may also be induced. 
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MODULATING THE IMMUNE RESPONSE 
The present invention relates to administration 
of immunogens and modulation, either inhibition or 
augmentation, of the immune response. 
5 The initial encounter with antigen is the most 

difficult phase of an immune response. The threshold 
for activating unprimed, as opposed to primed, T ce-is 
is higher and B ceils express unmutated, generally low 
affinity antigen receptors. This can be problematic 
10 when there is a need cr desire for raising an immune 
response to an immunogen of interest, for example for 
therapeutic purposes or in order to obtain anticcdies 
for subsequent manipulation and use. 

The Complement system plays a major role in 
15 enhancing the immune response. Almost twenty years 
age Pepys showed that depleting mice of C3 decreased 
their immune response to sheep erythrocytes, as 
measured by their antibody response to this antigen 
(1) Subsequent studies of humans, guinea pigs and 
20 dogs with genetically determined deficiencies of C3 or 
of C4 and C2 , the proteins that form the enzymes that 
activate C3 , confirmed the conclusion that activation 
of C3 augmented the primary immune response (2) . 

C3 is a plasma protein that contains a thioester 
2 5 that mediates covalent attachment to other biological 
molecules (3) . Activation of C3 to C3b by a "C3 
convertase" of the classical or alternative pathway 
makes the thioester accessible to attack by weak 
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n-ciecpailes such as -he -OH or carbohydrates, causing 
arracnmer.t cf C3b, via an es:sr Imkace , to taroet - 
OK- bearing molecule in the immediate vicinity of the 
activation reaction . C3b (or proteolyt icallv 
processed fragments iC3b and C3dg; complexes with 
antigen then binds receptors CRl , CR2 and CR3 . 
Binding of the complexes to C3 receptors on follicular 
dendritic cells in the primary follicles and crermmai 
centres cf secondary lymphoid organs may promote 
development and maintenance cf memory 3 lymchccvtes . 
Binding of the complexes to antiaen- specif ic 3 
lymphocytes causes cross - linking cf CR2 to the antigen 
receptor, membrane immunoglobulin (mlg) . CR2 is 
associated with the B lymphocyte membrane ore t em CD19 
which amplifies signalling through mlg by 
approximately 100 -fold when cciigated to it. 

A limiting step in this overall reaction is the 
attachment cf C3b . It requires the antigen be capable 
of activating the Complement system, throuch either 
the classical or the alternative pathway, and tnat it 
have a site to which C3b can covaiently attach. 
Problems then arise when the immune a en of interest is 
tor instance, a soluble peptide and protein, since 
these tend not to be activators of the alternative 
pathway nor effectively to bind C3b. Furthermore, low 
af ::.ii:y, cress - react ive IgM antibodies do net bind 
monovalent protein antigens with sufficient aviditv to 
activate the classical pathwav. 
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These difficulties may be especially relevant: 
when immunising with small peptides, for example that 
have been defined as epitopes for B cr T cells, and 
with DNA immunisation (4) . Although adjuvants may be 
used to enhance immunogenicity of peptides and non- 
aggregated proteins when immunising experimental 
animals such as mice, in general their administration 
to humans is not possible cr at least not preferred. 

The present invention now provides a way of 
enhancing the immune response to an immunogen . 

Additionally, there are circumstances when it is 
desirable to inhibit, ie at least reduce, the immune 
response to an immunogenic substance. For instance, 
there is much interest in the administration of 
15 therapeutic antibodies. Historically, however, the 
antibodies available have been murine monoclonal 
antibodies. Because the human body recognises such 
murine antibodies as foreign an immune response is 
mounted against them, resulting in their rapid 
20 clearance from the bloodstream. Numerous techniques 
of "humanising" non-human antibodies and other 
techniques for reducing their foreign character are 
available but often require highly- ski lied workers to 
perform them. Furthermore, even following 
2 5 "humanisat ion" , the immune system may mount an anti- 
idiotypic response, unless the antibody is compatible 
with the host idiotype . 

Additionally, there are many other foreign, ie 
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non-human, substances administered t c individuals for 
a variety cf purposes, including tnerapy, and for 
which w humanising" tecnniques are net available . One 
cf numerous examples well known to those skilled in 
5 the art is the "clot -busting" drug streptokinase 

administered to heart-attack patients. This enzyme is 
bacterial in origin and an immune response is mounted 
against it by recipient individuals. 

The present invention additionally provides a way 

10 of inhibiting the immune response to an immune gen , 

The present invention m its various aspects is 
founded on the surprising discovery that coupling of 
the Complement C3 fragment C3d ia iigand for CD 2 I 
(CR2))to immunogen of interest enables modulation cf 

15 the immune response to the immunogen. The modulation 
may be an increase or a decrease m the level of 
antibody response to immunogen administration. 
Completely unexpectedly, it has been found that the 
immune response may be enhanced by coupling a 

2G plurality cf C3d molecules, to the immunogen and 
reduced by coupling cf one C3d molecule to the 
immunogen. In view of this, the present invention m 
various aspects relates to modulation cf an immune 
response by associating an antigen with a iigand for 

2 5 CC'2i or, since CC21 associates with CD19 on the 
surface of 3 cells, a Iigand for CC1 3 . 

Thus, according to the present invention there is 
provided a method of altering the immunogenic! ty cf an 
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immunogen, the method comprising forming a ccmposicion 
comprising the immunogen in association with (or 
"coupled to") a ligand for CD21 (CR2) cr CD19 . In a 
preferred embodiment the method comprises coupling one 
or more C3d molecules to the immunogen. If the C3d 
coupled is monomeric, the immunogenicity of the 
immunogen is reduced. If the C3d coupled is 
multimeric, eg dimeric, the immunogenicity of the 
immunogen is increased. With increased cr decreased 
immuncgenicity , the immune response of an individual 
who receives the immunogen will be enhanced cr 
reduced, respectively. The level of immune response 
may be measured, for example, with reference to 
antibody levels . 

The association of antigen and ligand may be such 
that there is modulation of a response in a B cell 
through two receptors on the 3 cell; a membrane 
immunoglobulin (mlg) specific for the antigen and a 
CD21/CD19 complex. Preferably, a response in a 3 cell 
is stimulated, but in certain circumstances, e.g. as 
discussed, a response in a 3 cell may be inhibited. 
Experimental assays for assessing ability to modulate 
B cell responses through mlg and the CD21/CD19 complex 
are described herein. For example, an increase in 
intracellular calcium concentration upon stimulation 
of antigen- specif ic B cells using the invention (as 
compared with stimulation with antigen alone) may be 
used as an indicator that the composition stimulates 3 



WO 96/17625 



PCT/GB95/02851 



cells through mlg and CE21/CD19. 

The experimental work described herein includes 
evidence c z T-cell mvc I vement in the immune response . 
B - cell responses to protein antigens are T - cell - 
5 dependent. Furthermore , T- ceil - independent responses 
do net develop memory: memory is demonstrated herein. 
Also, iso type switching is characteristic of T-csll- 
dependenc 3-cell responses. 

In a second aspect, the invention provides a 

10 composition comprising an ant igen/ immunogen m 
association with icr "coupled to" ) a ligand tor 
CD2i;CR2) or CD19 . Such a composition may comprise a 
molecule (conjugate) comprising an antigen or 
immur.cgen coupled to one or more C3d molecules. If a 

15 plurality of C3d molecules are linked to the antigen 
it may be preferred to use 2 or 3 , as exemplified 
herein. Since the experimental evidence described 
below indicates an increase m effect with increasing 
number of C3d molecules, it may be preferred, 

20 depending on circumstances, to use a greater number, 
e.g. 4 or 5 or more. 

Since a preferred way of coupling to C3d is by a 
peptide bond, the conjugate may be a contiguous 
polypeptide, le a fusion protein. In a fusion proteir. 

2 5 according to the present invention, different peptides 
or polypeptides are linked m frame to each ether to 
form a contiguous polypeptide. Thus a first portion 
of the fusion protein comprises an antigen or 
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immuncgen and a second portion of the fusion protein, 
either N- terminal or C - terminal to the ::.rsc portion , 
comprises a CD21 or CD19 ligand. It is preferred that 
the antigen is linked to the amino terminus of the C3d 
5 molecule or repeat. When the CD21 or CD19 ligand is 
an antibody fragment such as a single chain Fv 
molecule (scFv), it is preferred that the fusion is at 
the C- terminal end of the scFv molecule to avoid 
damaging its binding capability . 

10 A flexible linker sequence (e.g. a 

polyglycine/polyserme-ccntaining sequence such as 
[Gly 4 Ser] 2 (Huston et al (1991) Meth. Enzyme 1 203: 46- 
88) may be inserted into the fusion protein between 
the antigen and ligand. Also, the fusion protein may 

15 be constructed to contain an "epitope tag", which 

allows the fusion protein to bind an antibody (e.g. 
monoclonal antibody) for example for labelling or 
purification purposes. An example of an epitope tag 
is a Glu-Glu-Phe tripeptide which is recognised by the 

20 monoclonal antibody YL1/2. 

Conveniently where the immunogen is a peptide 
or polypeptide, nucleic acid encoding the immunogen 
may be fused to nucleic acid encoding the ligand, such 
as C3d, either a single C3d molecule or a repeat. 

2 5 Accordingly, a further aspect of the invention 

provides a nucleic acid construct comprising a 
sequence of nucleotides encoding a ligand cf CD21 or 
CD1 9 (e.g. C3d) fused to a sequence of nucleotides 
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encoding ar. ant igen/immuncgen of interest . 
Preferably, the nucleic acid construct is an 
expression vector comprising a suitable promoter for 
expression of the fusion. 
5 Systems for cloning and expression of a 

polypeptide in a variety of different host cells are 
well known. Suitable host cells include bacteria, 
mammalian cells, yeast and bacuiovirus systems. 
Mammalian cell lines available in the art for 

1C expression of a heterologous polypeptide include 

Chinese hamster ovary cells, CCS cells, He La cells, 
baby hamster kidney cells and many others. A common, 
preferred bacterial host is E . coll. 

Suitable vectors can be chosen or constructed, 

15 containing appropriate regulatory sequences, including 
promoter sequences, terminator fragments, 
polyadeny iat ion sequences, enhancer sequences, marker 
genes and other sequences as appropriate . For further 
details see, for example, Molecular Cloning: a 

20 Laboratory Manual; 2nd edition, Samf rook et al, 193 9, 
Cold Spring Harbor Laboratory Press or Current 
Protocols in Molecular Biology , eds . Ausubel et al . , 
John Wiley & Sons, 19 92. Transformation procedures 
depend on the host used, but are well known. 

2 5 A further aspect of the invention provides a host 

cell comprising a nucleic acid construct as disclosed 
above. A still further aspect provides a method of 
making a polypeptide fusion comprising a iigand of 
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CD21 or Cdl9, preferably one or more C3d molecules, 
and another (heterologous) polypeptide or peptide, the 
method comprising culturmg host ceils comprising a 
nucleic acid construct which comprises a sequence of 
5 nucleotides encoding the polypeptide fusion under 

conditions for expression of the polypeptide fusion. 
Expression may be followed by isolation of the 
polypeptide fusion from the cells or, if secreted by 
the cells, from the culture medium. 
10 Nucleic acid for use according to the invention 

may be DNA or RNA, and may be single- stranded or 
double-stranded, cDNA , genomic DNA or wholly or 
partially synthetic. Double- stranded DNA is 
preferred . 

15 The nucleotide sequence and predicted amino acid 

sequence of mouse C3d are disclosed in Dcmdey et ai . 
(1332) PNAS USA 79: 7619-7623 and Fey et al (1933) 
Ann. N.Y. Acad. Sci . 421: 3C7-312). The nucleotide 
sequence and predicted amino acid sequence for human 

20 C3d are disclosed in de Bruijn and Fey (1985) PNAS USA 
82: 708-712. Nucleic acid encoding C3d from other 
species may be isolated using the human or mouse 
sequence information to prepare one or more probes for 
use in standard hybridisation methods. When C3d is to 

2 5 be employed in the invention and administered to a 

subject, the C3d may be matched to the species to be 
immunised (e.g. mouse C3c to be used in mouse, human 
C3d in human and so on) . However, experimental 
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evidence is included herein demonstrating snecies 
crcss-reac::v;:y, at least between mouse and human 
(e.g. mouse C3d binds to C221 on human cells, such as 
human Raj 1 3 iympncblastcid cells), so species 
matching of C3d and subject may not be essential, even 
if preferred. 

In an embodiment alternative to ocuoima of 
antigen/immunogen and CD21/CD19 iigand by expression 
as a fusion protein, chemical cross - linking may be 
employed. "Chemically cross - linked" refers to 
covalent linkage through use of a chemical cross - 
linking agent. A chemical cross - linking agent is 
chosen that reacts with functional groups on the 
antigen and Iigand (e.g. ammo acid side chains or the 
ammo- or carboxy- terminus of a peptide chain; such 
that upon reaction with the cross-linking agent the 
antigen and iigand become covalentlv linked. 
Moreoever, tne cross -linking agent may contain a 
spacer molecule that serves to position oroperlv me 
antigen and Iigand such that they can interact with 
mlg and the CD21/CD19 complex, respectively . 

A wide variety of bifunctionai or polyr unctional 
cross -linking reagents, both home- and 
net erof unctional , are known in tne art and are 
commercially available (e.g. Pierce Chemical Co., 
Rock lord, 11} . Such cross - 1 inking reagents may be 
reacted with the antigen and Iigand by standard 
methods (e.g. accordmc to the manufacu-^q 
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1: 

instructions ) . Following cross-linkage, the ant i gen - 
ligand complex may be purified f rem unreacted antigen 
and ligand by standard methods (e.g., chromatography, 
SDS-PAGE and the like) . The efficacy cf chemically 
5 cross - linked compositions in stimulating intracellular 
signals in B cells (e.g. increased intracellular 
calcium concentrations) and/or modulating immune 
responses can be evaluated using assays, e.g. as 
described herein. 

IC Ligands for use in a chemically- cross linked 

composition are as disclosed. A preferred ligand is 
one or more C3d molecules . C3d for use in a 
chemically- crosslinked composition may be recombinant 
C3c (e.g. prepared by expression from encoding nucleic 

15 acid) or purified, natural C3d. For example, C3 can 
be purified from plasma (e.g. human plasma) and C3d 
can be prepared therefrom by digestion as described m 
Lambris, J.D. ec al. (1980) J. Exp. Med. 152 : 1625 . 

In another embodiment, antigen and ligand may be 

20 co-expressed (i.e. both present) on a surface of a 
carrier structure. Preferably, the antigen and the 
ligand are co-expressed on the surface cf the carrier 
structure such that, upon contact with a B cell, the 
antigen can interact with membrane immunoglobulins 

25 (mlg) specific for the antigen on the surface of the B 
cell and the ligand can interact with the CD21/CD19 
complex cn the surface of the B cell. 

The carrier structure used for co-expression of 
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the antigen and the iigand may be a liposome (or 
similar vesicle-type structures that can carry 
material cn their surface, such as microspheres, 
polyacryl starch micrcparticles , microcapsules and the 
like) . Antigens and iigands can be covalentiv 
attached to the surface of a liposome or other carrier 
vesicles by standard methods. For review, see Jones, 
M.N. (1995; Adv. Colloid. Interface Sci . £4:93-128. 
See also e.g., Heath, T.D. et al . (193C; Biochim. 
Bicphys. Acta 519:42-6 2; Heath, 7 . D . and Martin, ?.J. 
(1985) Chen. Pays. Lipids 40:347-353; Hutchinson, 
F.J., etal. (19S9) Biochim. Biophys . Acta 975 :17-24.- 
Therien, K . M . et al . (1991) Cell. Immunol. 136:402- 
413; Freide, M . , ec al . (1993) Anal. Biochem. 2.11:117- 
122. For stimulation of immune responses to the 
antigen, use of a liposome or a pciyacryi starch 
microparticie as a carrier structure for the antigen 
and the Iigand may have the additional benefit that 
the liposome or microparticie itself may have adjuvant 
activity (or can carry an additional adjuvant, such as 
the mcnopncsphoryi adjuvant lipid A; . For a review, 
see Alving, C.R. (1995} Immunol. Rev. 14_5:5-31. See 
also e.g. Raphael, L. and 7cm, B.H. (1934; Clin. Exo . 
Immunol. £5:1-13; Artursscn, ?., et al. ;i986) J. 
Pharm. Sci . 7£:697-701 ; Degimg, L. and St j aernkvist f 
?. (1995) Vaccine 13.: 629- 635 ; Lachman, L.3., e: al . 
(1995) AIDS Res. Hum. Retrovirus . 11:921-932. A 
preferred liposome formulation for stimulating immune 
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responses may comprise an alum- adsorbed liposome 
containing lipid A and having an antigen and a CD21 or 
CD19 iigand bound to the surface of the liposome. 
The carrier structure may be a cell. For 
5 example, a cell can be transfected with recombinant 
expression vectors encoding membrane -bound forms of 
the antigen and the iigand such that expression cf the 
vectors in the cell leads to cell- surface express ion 
of the antigen and the Iigand . Surface expression cf 

10 the antigen can be achieved, for example, by linking a 
DNA fragment encoding a signal sequence to the 5 ' end 
of a DNA encoding the antigen (if the antigen dees not 
itself contain a signal sequence) and linking a DNA 
fragment encoding a transmembrane domain to the 3 ' end 

15 of the DNA encoding the antigen {if the antigen itself 
does not contain a transmembrane domain) , using 
standard recombinant DNA techniques . The iigand may 
be modified similarly to achieve cell -surface 
expression of the Iigand. A high level of expression 

20 of the antigen and the iigand may be necessary to 

achieve cross - linking of both mlg and CD21/CD13 on 3 
ceils. Accordingly, recombinant expression vectors 
utilizing strong regulatory elements (e.g. one or more 
strong enhancers) may be preferred for expression of 

25 the antigen and the Iigand on surface of the carrier 
cell . 

The carrier structure may be any vaccine or 
biological particle for administration, for example in 
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the membrane cr on the" surface cf a virus, cr. KSsAa 
particles and so or.. Caexpression cf the 
ant i gen /immuncgen and ligand for CD 21 cr CD 19 may 
follow incorporation of appropriate nucleic acid into 
5 the viral genome . 

The carrier structure may be a solid support, 
such as a bead (e.g. agarose, sepharose, polystyrene 
and the like) or a plate. An antigen and a CD21 or 
CD19 ligand can be attached to a solid support by 

10 standard techniques. For example, chemical crcss- 

i inking agents such as those described herein may be 
used to covalentiy attach the antigen and the ligand 
to the solid support . 

Administration of a composition according to the 

15 invention, such as a (C3d! n - antigen conjugate, 
modulates the immune response of the recipient 
individual. Accordingly, a- further aspect of the 
present invention provides a method of mcduiating the 
immune response cf an individual to an 

2C antigen/ immuncgen of interest, the method comprising 
administration cf a composition comprising an 
antigen/ irnmunogen associated with a ligand of CD21 cr 
CD13, such as a molecule comprising the 
antigen/ irnmunogen coupled to one or more C3d 

2 5 molecules, as disclosed. Enhancement, augmentation, 
cr increase cf tne immune response may be achieved by 
coupling a plurality of C3d molecules to the 
immuncgen. Inhibition, reduction or decrease of the 
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immune response may be achieved by the coupling of one 
C3d molecule . 

The administration may be for a prophylactic 
purpose ("vaccination", e.g. ant i -microbial ) or 

5 therapeutic, e.g in immunotherapy (e.g. ant i -microbial 
or anti-tumour) . Vaccination may be used to confer on 
a subject protective immunity to an antigen. 

Instead of administering the conjugate in the 
case of a peptide or polypeptide DNA encoding a fusion 

0 may be administered, in accordance with known 

techniques (4, 5, 6) . This may be particularly 
advantageous for stimulation of CTL responses (see 
below) , because the fusion is expressed 
mtracellularly in cells of the subject, which is 

5 known to promote antigen presentation by MHC class I 
molecules that stimulate CDS* T cells, such as CTL. 
DNA may be administered for example by direct 
intramuscular injection of DNA or administration cf a 
DNA-cationic lipid formulation (see e.g. Cohen, C. 

0 (1993) Science 25 9 : 1691-1692; Yankauekas , M.A., et 
ai . (1993) DNA Cell Biol. 12: 771-776; Boots, A.M., 
et al . (1992) Vaccine 10,: 119-124; Conry, R.M., e: ai . 
(1994) Cancer Res. 54.: 1164-1163; Montgomery, D . L . , et 
ai . (1993) DNA Cell. Bid. 12.: 777-7S3; Wang, 3., e Z 

5 al . (1993) DNA Cell Biol. 12: 799-805; San, H . , e: ai . 
(19 9 3) Hum . Gen e Ther . 4_: 731-788; Feigner , J . K . , e r 
ai . (1994) J . Bid. Cheru . 269 :2550-256i; Duzgunes , N. 
and Feigner, J.H. C1993) Methods Enzyme! . 221 :3 0 3-306; 
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Jiac, S . , e c al . (19 9 2' £xp . iVe u:rel . 115 : 4 C C - 4 1 3 } . 

Applications of such administration ars discussed 
above, including raising of antibodies to the 
immune gen . In a further aspect the invention for 
5 instance provides a method of raising an antibody 
response (obtaining antibodies) to an 
ant i gen/ immunogen of interest whicn comprises 
administration to a mammal of the antigen /immunogen m 
association with a Iigand of CD21 or CD19, e.g. 

1C coupled to a plurality of C3d molecules, as disclosed. 
Generally the mammal may be eg human, mouse, rat, 
rabbit, horse, goat, sheep or monkey. The purpose of 
administration may be therapeutic or may be to raise 
antibodies for later use/manipulation, eg using 

15 recombinant techniques such as monoclonal antibody 
technology and/cr bacteriophage display (see eg 
WO92/01047) . Isolation of antibodies and/or antibody - 
producmg cells from the mammal may be accompanied by 
a step of sacrificing the animal. 

2 0 In accordance with the present invention antibody 

p reduction in vi tro , e.g. in culture, may be 
stimulated. For example, 3 cells specific for an 
antigen of interest may be cultured with a stimulatory 
composition of the invention tc stimulate production 

2 5 by the 5 cells of antibody for the antigen of 

interest. The antibodies produced may be isolated 
from the culture medium, e.g. by virtue of their 
binding capability for the antigen. 
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The administration may be made in order tc 
modulate (preferably induce or stimulate) a T-ceil 
response to the immunogen, for example in anti- 
microbial (including anti -viral) and ant i -cancer 
5 immunotherapy. Evidence of T-cell involvement in an 
immune response to administration of a composition in 
accordance with the present invention is discussed 
above. Stimulation of T-helper ceils, providing help 
for 3 ceil activation, may promote development of 

10 cytotoxic T ceils ( CTL) . Thus, if an epitope of a 
tumour marker is coupled to a CD21 or CDl 9 ligand, 
such as a plurality of C3d molecules, and administered 
to an individual who has a tumour expressing the 
epitope, the enhanced immune response to the epitope 

15 resulting from the administration may have a 

therapeutically beneficial effect on the tumour. 
Also, because CTL secrete I FN - y , which gives a TH1 
bias, the administration may be used for allergy. 
In a further aspect, the present invention 

20 provides a pharmaceutical composition which comprises 
an ant igen/immunogen in association with a ligand of 
CD21 or CD21, such as a ( C3d) n - immunogen conjugate, as 
disclosed . 

Pharmaceutical compositions according to the 
2 5 present invention may comprise, in addition to the 

ant igen/ immunogen in association with a CD21 or CD 19 
ligand, e.g. ( C3d) n - immunogen conjugate, a 
pharmaceut ical iy acceptable excipient, carrier, 
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vehicle, buffer, stabiliser cr other materials well 
known to those skilled in the art. Such materials 
should be r.cr.-toxi: and should not interfere with the 
efficacy of the active ingredient. The precise nature 
5 of the carrier cr other material will depend on the 
route of administration, which will preferablv be 
cutaneous, subcutaneous cr intravenous injection, 
especially subcutaneous. 

For parental, intravenous, cutaneous cr 

10 subcutaneous injection, the active mcredient will be 
in the form of a parenterally acceptable aqueous 
solution which is pyrogen- free and has suitable pH, 
i so tonicity and stability. Those of relevant skill in 
the art are well able to prepare suitable solutions 

15 using, for example, isotonic vehicles such as Sodium 
Chloride Injection, Ringer's Infection, Lactated 
Ringer's Infection. Preservatives, stabilisers, 
buffers, antioxidants and/or other additives may be 
included, as required. Sub- cutaneous injection may be 

20 preferred route of administration. 

A pharmaceutical composition in accordance with 
the present invention may comprise one cr more 
additional active ingredients. For example, the 
composition may contain an additional agent that has 

25 immunomodulatory properties, such as a cytokine or 
{additional; adjuvant. 

Another aspect of the present invention provides 
the use of an antigen/immunogen m association with a 



SNSCCCD: <-VC 961 > 



WO 96/17625 



PO7GB95/02851 



C021 or CD19 ligand, e.g. ( C3 d ) n - immunogen , (as 
disclosed) in the manufacture cf a composition or 
medicament for administration to an individual to 
modulate the immune response of the individual to the 

5 immunogen. The purpose of administration may be to 
obtain antibodies, as discussed. 

The present invention is applicable to a wide 
variety of antigens. In a preferred embodiment, the 
antigen is proteinaceous , protein, polypeptide or 

0 peptide. In another embodiment the antigen is DNA. 
The antigen may be lipid. It may be a carbohydrate. 
Preferred antigens include those from a pathogen (e.g. 
virus, bacterium, parasite; and tumours (especially 
tumour- associated antigens or "tumour markers" ) . 

5 Other preferred antigens are autoantigens . Examples 

of tumour-associated antigens include carcmoembrycnic 
antigen (CEA), prostate- specif ic antigen (PSA;, muc-1 
(Agrawal et al . (1995) Cancer Res. 55: 2257-2251), 
MART - 1 (Kawakami et al (1994) J. Exp. Med. 18 0:347- 

0 352) and gplOO (Adema et al (1994) J. Biol Cheiu . 269: 
2C12S -20133 ) . Examples cf viral antigens include 
herpes simplex virus-I proteins such as g3 , gC, gD, g 
EW, cG, gH, gl, gK, gL, Vmw65, ICPO and lc?4, 
haemagglutinin of a myxovirus (e.g. influenza, mumps 

5 or measles) and gpl20 of human immunodeficiency virus. 

Note that "C3d" as referred to herein may be a 
mutant, derivative or fragment thereof (e.g. by way of 
addition, insertion, substitution or deletion of one 
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or mere amino acids) provided ability to augment or 
reduce immunogenic i ty/an immune response 13 retained 
For instance, a portion of C3d that retains the 
ability to bind CD21 and stimulate 3 ceils through th 
CC 21/CD19 complex may be employed. A CD21 -bmdina 
site on C3 has been mapped to amino acid residues 
1205-1214 of the C3 sequence (Lambris et ai (1985) 
PNAS USA 82:423 5} and synthetic C3 peptides comprising 
ammo acid residues 12C1-1214 or 11S7-I2I4 have been 
shewn to bind GD21 (Servis and Lambris (1339) J. 
Immunol. 142:2207;. Similar peptides or other CD21- 
binding C3 peptides may be employed in the present 
invention . 

C3d may be modified such that it dees not contain 
an internal thioester . For example, Cys 1G2a of C3d, 
which is involved in formation of the thioester, may 
be mutated to Ser by standard methods. 

Instead of C3d, otner CD 21 or C219 ligands may be 
employed, such as one or mere iC3b molecules, one or 
more C3dg molecules, an antibody or antigen -binding 
rragment or portion thereof that binds specifically to 
CD21 or CD19. Compared with C3d, tne iC3o and C3dc 
subfragmer.es are likely to ce more susceptible to 
tryptic digestion, so C3d is preferred for use m vivc 
as compared with iC3d or C3dg. However, modified 
terms or iC3o or C3dg in which tryptic digestion site 
or sites have been mutated such that the fragments are 
more resistant to proteolytic digestion may oe more 
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suitable for use in vivo. 

If an antibody or fragment or derivative thereof 
is employed it must be coupled (e.g. fused) to the 
ant i gen or immuncgen in a way which retains the 
5 ability to bind CD21 or CD19 . This may be by fusion 

with a constant region of a heavy or light chain of an 
antibody. Fusion at the C- terminus of single chain Fv 
C scFv) antibody fragments has been shewn not tc 
interfere with binding ability of the scFv' s . As 

10 antibodies can be modified in a number cf ways., the 
term "antibody'* should be construed as covering any 
specific binding substance having an binding domain 
with the required specificity. Thus, this term covers 
antibody fragments, derivatives, functional 

15 equivalents and homologues of antibodies, including 
any polypeptide comprising an immunoglobulin binding 
domain, whether natural or synthetic. Chimaeric 
molecules comprising an immunoglobulin binding domain, 
or equivalent , fused to another polypeptide are 

20 therefore included. Cloning and expression of 

chimaeric antibodies are described in E? - A- 012 0 6 94 and 
SP-A-0125023 . 

It has been shown that fragments of a whole 
antibody can perform the function of binding antigens. 

2 5 Examples of binding fragments are (i) the Fab fragment 
consisting of VI,, VK, CL, and CHI domains; (ii) the Fd 
fragment consisting of the VK and CHI domains; (ill) 
the Fv fragment cons i s t ing o f the VL and VH domains c r 
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a single antibody; (iv) the dAb fragment (Ward, E . 5 . 
et al. ( Nature 341, 544 - 546 ;is = s;;. which consists cf 
a VH domain; (v) isolated COR regions; (vi) F ( ab ' ) 2 
fragments, a bivalent fragment comprising twc linked 
5 ?ab fragments (vii) single chain Fv molecules iscFv) , 
wherein a VH domain and a VL domain are linked by a 
peptide linker which allows the twc domains to 
associate to form an antigen binding site (Bird et al 
Science, 242, 423-425, 19S3; Huston et al, FNAS USA , 

13 85, 3379-5333, 1988); iv:::! bispecific single cnam 
Fv dimers { FCT/US92/099S5 } and (ix) : ' diabcdies " , 
multivalent or multispecif ic fragments constructed by 
gene fusion (WO94/13804; P . Hciliger et ai Prcc. Natl. 
Acad. Sci. USA 9Q 6444-6443, 1993) . 

15 Antibodies to CC21 have been described anc are 

available in the art ;e.g. 0K3~, Or the 

Pharmaceuticals, Raritan, NJ, USA; and H3-5, American 
Type Culture Collection, Rcckviile, Ml, USA, No H3 
135). Antibodies to CD19 are also available m the 
2C art ;e.g. Carter et al .'199D S. Immunol 147: 3663- 
3571; and Holder et al (1992) Eur. S. Immunol. 22: 
2725-272S ) . 

Antibodies which are specific for a target of 
interest may be obtained using techniques which are 
25 standard in the art. Methods of producing antibodies 
include immunising a mammal (eg mouse, rat, raobit , 
horse, goat, sheep or monkey) with the protein or a 
fragment thereof, or a cell or virus which expresses 



rNSCCGC: <<VC 56i7625Al> 



WO 96/17625 



PCI7GB95/02851 



2 3 

nhe protein or fragment . Immunisation with DNA 
encoding a targe" polypeptide is also possible . 
Antibodies may be obtained from immunised animals 
using any of a variety cf techniques known in the art, 
5 and screened, preferably using binding of antibody to 
antigen cf interest. For instance, Western blotting 
techniques cr immuncprecipitat ion may be used 
(Armitage et al, 1992, Nature 357: 80-32). 

As an alternative or supplement to immunising a 

10 mammal, an antibody may be obtained from a 
recombinant iy produced library of expressed 
immunoglobulin variable domains, eg using lambda 
bacteriophage or filamentous bacteriophage which 
display functional immunoglobulin binding domains on 

15 their surfaces; for instance see WO92/01047. The 
library may be naive, that is constructed from 
sequences obtained from an organism which has net been 
immunised with the target, cr may be one constructed 
using sequences obtained from an organism which nas 

20 been exposed to the antigen of interest {or a fragment 
thereof) . 

It is possible to take antibodies and use the 
techniques cf recombinant DNA technology to procuce 
other antibodies or chimeric molecules which retain 
2 5 the specificity cf the original antibody. Such 

techniques may involve introducing DNA encoding tne 
immunoglobulin variable region, or the complementarity 
determining regions (CDRs) , of an antibody to the 



3NSCOC;D: <HC ?617525A1> 



WO 9d/17625 PCT/GB95/02851 



- r 



24 

constant regions, or constant regions plus framework 
regions, cf a different immuncci ooulm . See, for 
instance, HI?-. -.-134137, GB 213 3 63SA or £?-A-2394CC. A 
hybricoma procucmg a monoclonal antibody may be 
subject to genetic mutation cr other changes, which 
may cr may net alter the binding specificity of 
antibodies produced. 

It may be desirable to "humanise" ncn -human (eg 
murine) antibodies to provide antibodies having tne 
antigen binding properties of tne nor. -human antibody, 
while minimising the immunogenic response of tne 
antibodies, eg when they are used in human therapy. 
Thus, humanised antibodies comprise framework regions 
derived from human immunoglobulins (acceptor antibody) 
15 in which residues from one cr more complementary 

determining regions (CDR's) are replaced by residues 
from CDR's of a non-human species (donor antibody; 
such as mouse, rat or rabbit antibody navmg tne 
desired properties, eg specificity, affinity cr 
20 capacity. Some of the framework: residues cf the human 
antibody may also be replaced by corresponding ncn- 
human residues, cr by residues not present m either 
donor or acceptor antibodies. These modifications are 
made to the further refine and optimise tne properties 
25 of tne antibody. 

So-called "phage display" may aisc be used in 
humanising antibodies; see e.g. WC93/0 6213. 
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The present invention is not intended tc cover 
natural iy-oc curing complexes of ant igen/ immunogen and 
a C3 fragment that is produced when the alternative 
pathway of complement is activated and C3 fragments 
5 are deposited on antigen via reaction through the 

internal thioester bond of the C3 . Accordingly, in 
compositions according to the present invention, 
association cf ant igen/ immunogen with a ligand for 
CD21 ( CR2 } or CD19 has the proviso that the 

10 antigen/ immunogen is not associated with a complement 
C3 fragment through an ester bond derived from the 
internal thioester of the complement C3 fragment. 
(The cysteine residue which forms the thioester 
residue may be employed in chemical cross - linking via 

15 a disulphide bridge, but this is not an ester bond.) 

Further aspects and embodiments of the present 
invention will be apparent to those skilled in the 
art . 

20 Embodiments cf the present invention will now be 

illustrated by way of example and not limitation with 
reference to the figures. All documents mentioned 
herein are incorporated by reference . 

25 Figure 1 shows a schematic representation of the 

structure cf hen egg lysozyme - C3d recombinant 
proteins. Model of HEL, KZL - C3d, HEL-C3d 2 and KEL- 
C3d 3 proteins showing the joining sequences between 
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the domains of me cassette. Abbreviations for the 
amino acid residues are as follows: C, Cys ; E, Giu ; F, 
?he; G, Giy; and S, Ser. Ligation of BamKI and 3glII 
restriction sites generate the Giy Ser linker (14) 
which flanks the EEL, C3d, and [Gly 4 Ser] 2 sequences. 
Also indicated is the mutation of Cys 1028 to Ser. Each 
construct terminates with the Giu Giu ?he trioeotide 
which is recognized by the monoclonal antibody YL 1/2. 

Figure 2 shews a 5-20% SDS-pcIyacryiamice gel, 
run under reducing conditions of purified, hen eac 
lysozyme - C3d recombinant proteins. Molecular size 
standards are shown on the left margin in kiicdaitens. 

Figure 3 illustrates inhibition of [ 125 I] HEL-C3d. 
binding of Ra j i ceils. (~ - HEL.C3d; C - HEL.C3d 2 ; a - 
KEL.C3d 3 ; ■ IgGl; • no inhibit cr; a CR2 ) 

Figure 4 shows IgGl response to recombinant 
antigen in CFA. HEL (squares), HEL-C3d (circles), and 
HEL-C3a 2 (triangles) recombinant antigen was diluted 
to a final concentration of 500pmcl (panel A), 50pmci 
(panel 3) , cr Spmol (panel C) in 0.05mi PBS. The" 
antigens were emulsified with equal volumes of 
complete Freund's adjuvant, and 0 . 1ml of the emuisicn 
was in:ected mtraperitcneally into groups 4-5 week 
old male C3A/Ca mice (Harlan U.K.; . Contrcl mice 
received CFA emulsified with PBS alone (diamonds ) . 
Mice were bled successively at 7 day intervals. All 
groups of animals received 50pmci HEL in 0.5ml PBS 
emulsified with an equal volume of incomplete Freund's 
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adjuvant at day 55 (arrow) . HEL specific response was 
determined by elisa as described. Results show means 
cf groups of 5 animals + Is.d. 

Figure 5 shows IgGl response to subcutaneous 
5 recombinant antigen in saline. HEL (squares), HEL- C3 d 
(circles) , and KEL-C3d 2 ( criangl es) antigens were 
diluted in ?3S to a final concentration of 7000 pmoi 
(panel A) , 70 0 pmol (panel 3) , or 7 0 pmol (panel C) , 
or 7 pmol (panel D) in 0.1ml. The antigens were 

10 injected subcutaneous! 1 / in the rear right . flank of 4-5 
weeks old male CBA/c mice. Control mice received PBS 
alone (diamonds ) . Mice were bled successively at 7 
day intervals. All groups received 50 pmoi HEL in 
0.05ml PBS emulsified with an equal volume of 

15 incomplete Freund' s adjuvant on day 77 (arrow) . KEL 

specific response was deteremined by limiting dilution 
alisa whereby the last twofold serial dilution with an 
A 570 > 2 s . d . above that of non- immune sera was taken as 
the specific titre . 

20 The results show the mean of 4 (700 pmol HEL-C3d) 

or 5 (ail ether groups) animals + ls.d. 

Figure 6 shows suppression by 7G5 anti-CR.2 of the 
response to HEL-C3D 2 . 4-6 week old male CBA/c mice 
were injected intravenously with 0 , 2mc 7G6 (closed 

2 5 circles) or control IgG2b (open squares and circles) . 

24 hours later, mice received 7 pmol HEL-C3d 2 in 0 . 1ml 
PBS (circles) or 0.1ml PBS (squares) subcutaneous!/ in 
the rear right flank. The mice were bled successively 
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at 7 day intervals and the HEL specific response was 
decerr.ir.ec by elisa as described. Results shew the 
mean cf groups of three mice. 

Figure 7 shows stimulation by recombinant HEL and 
5 HEL-C3 dl -3 of increases in [Ca 2 *] i in HEL- specific 3 
cells . Splenic lymphocytes from transgenic mice with 
3 cells expressing mlgM and mlgD specific for HEL were 
loaded with indo-1 and incubated with incremental 
concentrations cf HEL, HEL - C3 d , HEL-C3d2, and 

10 KEL-C3d3, respectively: 70 nM (C), 7 nM IO) , 0.7 nM 

(a;, 70 CM (■} , 7 pM (•) , 0.7 pM and buffer aicne 

(0; . Changes m [Ca 2 *] i in 3 cells were monitored by 
flow cytometry . 

Figure S shows the IgGl ant i -HEL response in mice 

15 immunized with recombinant KEL antigens subcutaneous ly 
in P3S . On day 0, groups of four mice were 
administered buffer alone (open symbols) or 
incremental amcunes cf HEL, HEL-C3d2, cr HEL-C3d3 
(closed symbols:- subcutaneous ly m ?3S . The mice were 

20 boosted on day 35 with 50 pmoies of HEL 

intraperitoneaily in I FA, as indicated by the arrow. 
Sera were assayed by ELISA for HEL- specific IgGl and 
titers are expressed as relative units (RL) . 

Figure 9 shows comparison of :he effects of CFA 

25 and C3d on the immunogenicity of HEL. On day 0, 

groups cf five mice were administered 500 pmoies (3) , 

5 0 pmoies (C) , 5 pmoies (a) , 500 fmcles (■) , 5 0 

fmcles ( •) , or 5 f moles (a) of HEL, cr buffer alone (0) 
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subcutaneous ly in CFA. Other groups of five mice were 
administered 5 pmoles (a) , 500 fmoies (■) , 50 f moles 
(•) , or 5 fmoles (a) of HEL-C3d3 , cr buffer alone (0} 
subcutaneously in PBS. Ail mice were boosted on day 

5 28 with 50 pmoles of HEL in I FA as indicated by the 
arrow. The serum titers of HEL-specif ic IgGl are 
expressed as RU. 

Figure 10 shows comparison of the Ig Gl ant i - HEL 
response in mice immunised with KEL or KEL-C3d 2 in PBS 

j by various routes of administration. At day 0, groups 
of five mice were administered either 1 pmole or 50 
pmoles of protein subcutaneously (diamonds) , 
intramuscularly (circles) or intraperitoneal!'/ 
(triangles) . The mice were boosted on day 3 5 with 50 

: pmoles of HEL in IFA intraperitoneally , as indicated 
by the arrow. Sera were assayed for HEL- specific IgGl 
and titers are expressed as relative units (RU) . 

Construction and Expression of C3d /antigen Chimeras 
0 For the DNA encoding C3d (7, 8) , C3d was 

amplified by ?CR using the EcoRI linearized pMLC3 - 7 
cDNA clone as template, and 25 cycles of 1 mm of 
denaturat ion , annealing and extension. The primers 
used were as follows : 
5 5' C3d ( SEQ ID NO 1) : 

5 ' -CACTCTAGACGCCGCAGATCTAGCCCCGCAGGCTCTG 

GGGAACAGAACATGAT - 3 ' ; 

3 ' C3d (SEQ ID NC 2) : 
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This and all subsequent ?CR produces were 
sequenced by the dideoxynucieot ice chain termination 
method using the Sequence kit (U.S. Biochemical Corp.? 
5 Xbal and 3gl 1 1 sites were included in the 5 ' primer 
and 3amKI m the 3' primer. Primers were designed to 
include the sequences between base pairs 3070 and 3360 
of the complete murine C3 sequence. 3y including a G 
to C subs it ion in the 5' primer we were able to change 

1C the Cys coden at ammo acid position 1028 to one 
encoding Ser, thereby mutating the critical Cys 
involved in thiolester bond formation. After 
amplification the fragments were digested with Xbal 
and BamKI and ligated into Xbal- and BamHI - digested 

15 pBS , to generate pBS.C3d. 

For assembly of monomer constructs, an epitope 
tag recognised by the monoclonal antibody Yl 1/2 (9, 
1C) and a stop zeden was ligated onto the 2' end of 
C3d using oligonucleotides. pBS.C3d was digested with 

2 0 BamKI and EcoRI and ligated with the oligonucleotides 
encoding the YL1/2 epitope generating pBS . C3d . Yl . The 
oligonucleotides were as follows: 
5 ' YL1/2 [SZZ 13 NC 3) : 
5 ' -GATCTGAAGAGTTCTGAGGATCCCGG-3 ' ; 

25 3 ' YL1/2 { SBC I 3 NO 4 ■ : 

5 ' - AAT T C C GG G AT C C T GAG AAC T CTT CA - 3 ' . 

For assembly of oiigomeric C3d constructs, a 
[ (Gly ) 4 5er ] z linker was amplified as part of a fusion 
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sequence with hen egg white lysozyme by PCR using a 
PstI linearized pSVG-spcHEL template, and 25 cycles cf 
3 0 sec of denaturat2.cn, annealing, and extension. The 
primers were as follows: 
5 5'GS (SEQ ID NO 5): 5 ' -GCCAGATCTGGTGGAGGTGGAAGT- 3 ' ; 
3'HEL (SEC 10 NO 6): 5 ' -CGGGATCCCAGCCGGCAGCCTCT- 3 ' - 

The fragments were cloned into pCRII (InVitrcgen) 
and the 34b. p. [ { Gly ) 4 Ser ; 2 linker subcioned by 
digestion with 3amKI and 3glZI into BamHI digested 

1G pBS.C3d to generate pBS.C3d.GS. Ligation cf the 

bamKI -Bglll C3d.YL fragment from p3£ . C3d . YL into BamHI 
digested pBS.C3d. GS generated p3S.C3d 2 YL. Generation 
cf pBS . C3d 3 . YL was accomplished by repeating one round 
of BamHI and Bglll digestion of pBS.C3d.GS and 

15 subcloning of the 937 b.p. C3 d . GS fragment into BamHI 
digested pBS.C3d.GS. Subsequently, the pBS.C3d 3 
construct was completed by BamHI and Bglll digestion 
of pBS . C3d . YL and ligation of the 913b. p. C3d.YL 
fragment into BamHI prepared pBS.C3d 2 

20 The dog pre-pro-insulin signal sequence (DPPISS ) 

(11) was amplified from a PvuII linearized pGIR-477 
(provided by K. Drickamer) template, using 25 cycles 
of 30 sec of denaturaticn , annealing and extension. 
These primers were used: 

25 5 ' DPPISS (SEQ ID NO 7): 5 ' - GCGAATTCCTAGCTTGC - 3 ' ; 

3 ' DPPISS (SEQ ID NO 8) : 5 ' - GCGGATCCGGCTCGGGTGGGCGC - 3 ' . 

The fragments were digested with BamHI and EcoRI 
and ligated into BamHI -EcoRI digested pBS 
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( " 3 LUES CRT FT" ) to generate pES.DPPISS. The eukaryctic 
expression vector pSGS (Stratagene} was prepared by 
EcoRI- and Bel I 1 - digestion and subclcninc of the 
EcoRI-BglHI DPPISS fragment from p3S . DPP I S3 generated 
o pSG.SS. C3d containing fragments were subcicnec from 
the pBS vectors by digesting pBS.C3d. YL, pBS.C3d, .YL. 
and pBS.C3d 3 .YL with 3amHI and Bglll and ligatmcr into 
Belli prepared pSG.SS to generate pSG.CSd. YL, 
pSG.C3d 2 .YL and pSG . C3d, . YL . 
lc The antigen hen egg white lysczw.e ( HEL} (12) (C. 

Goodnow; was amplified from a PstI linearized template 
pDamian using 25 cycles of 3C sec of denaturat ion , 
annealing, and extension. The primers used were: 
5 'HEL (SEQ ID NO 9): 5 ' -GCAGATCTAAAGTCTTTGGACGA- 3 ' ; 
15 3 ' HEL (SEQ ID NQ 10): 5 ' - CGGGATCCCAGCCGGCAGCCTCT - 3 ' . 

The fragments were cloned into pCRII. The HEL 
r ragmen t was subcioned by digestion of pCRII.HEL with 
BamKI- and 3glII- and ligation of the 4 04bp HEL 
fragment into Bglll- and BamHI- digested pSG . C3d . YL, 
?SG.'C3d 2 .YL and pSG.C3d 3 .YL piasmids . The pCRII.HEL 
piasmid was also modified as described above to 
include the YL1/2 epitope and this 420bp 3glII-3amHI 
HEL . YL fragment was ligated into a BamHI- and 3gli: 
prepared p£G . S3 vector giving pSG.HEL.YL. 
Subsequently, the pSG5 vector was modified to include 
the YL1/2 epitope directly by ligatmg into the Bel I : 
site of pSGS the YL1/2 epitope. The oligonucleotides 
used were : 



20 
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S'YLl/2 { SEQ ID NC 11): 5 ' -GATCTGAAGAGTTCTGAG- 3 ' ; 
3 ' YL1/2 (SEQ ID NO 12): 5 ' - GATCTGAAGAGTTCTGAG - 3 ' . 

Fcr transient expression, pSG . KEL. . C3 d 3 . YL was 
digested with EcoRI and Xbai . The 3463 bp KEL, . C3d 3 . YL 
5 fragment was blunt ended using the Kienow fragment of 
DNA Polymerase I and ligated into the A7ld vector. 
A71d (gift of A. Venkitaraman) , a eukaryotic 
expression vector, was prepared fcr ligation by 
digestion with BamKI and blunt ending of this site. 

10 Subsequent digestion with 3 ma I resulted in excision of 
a polyadenylaticn signal. 

The piasmids pSG.HEL.YL, pSG . HEL . C3d . YH , and 
pSG.HEL.C3d2.Ylj were co - transf ectec with pSV2-nec into 
L cells using the calcium phosphate procedure. The 

15 ceils were selected with 0 . 8mg/ml G418 . Cells 

displayed G419 resistance were single cell cloned and 
those secreting high amounts of fusion protein were 
identified by eiisa. Ant i -HEL antibodies HyKEL-S and 
biotmylated HyHEL-9 (13) were used in a capture elisa 

20 and detected by Avidin- horseradish peroxidase 

(BioRad) . These transf ectants were batch cultured in 
suspension or on Cytodex-1 microcarrier beads 
(Pharmacia) , and the fusion antigens were purified 
from culture supernatant 3 by affinity chromatography 

2 5 on YL1/2 antibody coupled at lOmg/mi to 5ml Sepharose 
43. The culture supernatants were passed over the 
affinity resin and washed with 10 column volumes each 
of Buffer 1 (50mM Tris pH8 . 0 , 150mM NaCi , C . ImM EOT A } 
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and then Buffer 1 supplemented with Q.2% NP4C. The 
column was washed further with 2 3 column volumes of 
buffer 1 and fusion antigen then e luted with 5Grr_M TEA 
pKll.5, ISQmM NaCi, 0 . ImM EDTA . Antigen was 

5 neutralized, pooled and diaiysed against PBS . The 

plasmid A7ld . HEL . C3d 3 . YL was transiently expressed in 
COS cells using the DEAE-dextram procedure and the 
fusion protein purified as described above. Purified 
HEL.C3d 3 .YL and HEL . C3d 2 . YL proteins were subsequently 

C- size fractionated on a high resolution Seohacryl S-2CC 
column (Pharmacia; to remove contamination recombinant 
forms of the protein produced by the transfected 
cells 



15 Stimulation by recombinant HEL and HEL-C3dl-3 cf 
increases m [Ca2+] i in HEL- specific 3 cells 

Splenic lymphocytes from transgenic mice with 3 
ceils expressing mlgM and mlgD specific for HEL were 
leaded with mdo-l. Splenccytes were stained with 

2C phycoerytherin conjugated rat anti-CD43. The CD43 

posivite cells were gated cut and the cells incubated 
with incremental concentrations of HEL, KEL-C3d, 
HEL- C3 d2 , and HEL- C3d3 , respectively. Changes m 
[Ca2+]i in B ceils were monitored by flow cytometry. 

25 The results are shewn m Figure 7. 

Ccligatmg CL2I or CD13 to mlg with 
receptor- specif ic monoclonal antibodies lowers the 
threshold at which mlc stimulates an increase in 
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intracellular free Ca2+ concentration C[Ca2+]i) (15, 
16) . 3 lymphccyt es from mice expressing transgenes 
encoding mlgM and mlgD having a 2 nM Kd for HEL were 
loaded with indo-1, incubated with incremental 
5 concentrations of the recombinant HEL proteins, and 
assayed for changes in [Ca2~] i by flow cytometry 
{ Figure 7 } . 

HEL caused a dose-related increase in [Ca2~]i, 
with the threshold being 7 nM . The presence of 1, 2 

1G and 3 copies of C3d on HEL lowered the threshold to 
0.7 nM, 0.0 7 nM, and 0.0 C7 nM, respectively, 
indicating that each C3d enhanced by 10 -fold the 
ability of HEL to induce this cellular response. A 
saturating concentration of 7G6 ant i -CD21 (17) caused 

15 the threshold for the response of HEL-C3d2 to revert 
to that of HEL. B ceils from non- transgenic mice did 
not respond to HEL or HEL-C3dl-3. The changes in 
[Ca2+3 i induced in non- transgenic 3 cells by antibody 
to mlgM was not altered by the presence of 7 nM 

20 KEL-C3d3 . Incubation of transgenic 3 cells with 3 nM 
HEL and HEL-C3d3 for 10 mm resulted in 51% and 47% 
saturation of the ant i -HEL sites, respectively, as 
assessed by the subsequent binding of fluorescein- 
conjugated HEL, indicating that attachment of C3d to 

25 HEL did net improve binding to the transgenic 3 cells, 
presumably because of the high affinity of their 
antigen receptors for HEL. Therefore, the enhanced 
[Ca2+] i responses reflected augmented signaling 
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tnrougn C3d-dependent recrui tmen t cf the C221-CD19 
complex . 

Ability of the C3d components of the fusion orocems 
to bind CD21 

The ability of the C3d components cf the fusion 
proteins to bind to CD 21 was determined by competitive 
binding assays using Raji 3 iymphobiastoid cells 
expressing CD21 . Raji cells, 3-4x13" celis/ml, were 
incubated for 4 5 mm. at 4°C with ImM ' 125 I 1 KEL- C3d2 
^specific activity 9.1x10 s cpm/mg) and incremental 
concentrations cf the HEL-C3d fusion proteins, SGCnM 
(CR2)2-IgGl [T. Hebel, J.M. Ahsarn, D . T . Fearer., 
Science 254, 102 (1991}], or IgGl m PBS containing 
0.1% bovine serum albumin. The ceils were centrifuced 
through a dibutyi/diiso-octyi pthaiate cushion and the 
amount cf 12 51 bound to the cell pellet was 
determined. In two experiments, 5 0% inhibition cf 
specific binding of [1251] KEL- C3d2 occurred witn 
185-225 nM HEL-C3d, 8-20 nM HEL-C2d2 , and 1.5-2.2 nM 
KEL-C3d3, respectively. The correlation net we en the 
avidity cf the binding reaction and the number cf 
C3d J s suggests that each C3d m the fusion proteins 
was capable cf interacting with CD21. 

In Vivo Antibody Response zo (C3dj „ - immunogen fusions 
C3A, c male mice of 4-6 weeks cf age were obtained 
from Harlan U.K. Recombinant anticjen was diluted in 
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PBS and emulsified in Complete Freunds ad]uvan: . 
0 . lmi was administered mtraperi toneaiy . 

Alternatively, recombinant antigen was diluted in PBS 
and 0.1ml was administered intraperitonealy . 
Alternatively, recombinant antigen was diluted in PBS 
and 0.1ml was administered suhcutaneously or 
intramuscularly, as indicated, on the rear right 
flank. Subsequent administrations were done by 
diluting recombinant antigen in PES containing 
C . lmg/ml murine albumin (Sigma A - 3 5 5 9 ) . 

The antibody response was monitored by obtaining 
bleeds at intervals from the tail vein of treated mice 
and assessing HEL specific serum Ig by elisa . Nunc- 
Immuno plates were coated with HEL (0.5mg/ml) (Sigma) 
overnight at 4*C in carbonate buffer (pH 10.0) and 
blocked with 1% BSA in PBS. Blocking and all 
subsequent steps were for 1 h at room temperature . 
Between steps, the plates were washed three times witn 
PBS containing 0.05% Tween 20. Sera were diluted in 
0.1% BSA/ PBS and the presence of KEL specific IgGl was 
determined using horseradish peroxidase coupled goat 
anti-mouse IgGl (Southern Biotechnology Associates 
Inc . ) 

A standard curve using pooled sera from mice 
which had been immunized and boosted with 0 . Img HEL m 
CFA and IFA respectively was included on each plate. 
The elisa was developed with o-phenylenediamine 
dihvdrochioride (Sioma P-91S7) and the ccticai densitv 
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determined in a Molecular Devices micrcplate reader at 
5 7 0nm . 

Dose response to immunisation 
5 The relative immunogenicity of HEL was compared 

to that cf HEL-C3d2 and HEL-C3d3 by immunizing mice 
with incremental amounts cf the recombinant proteins 
subcutaneously in PBS. The highest dose of HEL , 50C 
pmcles, was the threshold at which unmodified antigen 

1C induced an IgGl response after primary immunization 

(Figure 8) . In contrast, only 500 f moles of HE1-C3d2 
and 50 fmcles of KEL-C3d3 were required to induce 
comparable initial IgGl responses. These doses cf the 
three recombinant proteins also were the threshold 

15 amounts necessary for inducing immunologic memory, as 
indicated by the accelerated and augmented IgGl 
responses occurring after challenging primed mice with 
50 pmoies cf HEL in incomplete Freund ; s adjuvant 
(IFA) . Furthermore, the generation of immunologic 

20 memory to HEL by ail recombinant proteins indicates 
that these responses are T cell -dependent . 

Campari son wi zh ccmcl eze Freund ' s adj u van t 

The immune enhancing function of C3d was compared 
25 in mice to that of complete Freund' s adjuvant !CFA; . 
The threshold doses for eliciting initial IgGl 
responses were 50 pmoies for HEL in CFA and 50 C fmcles 
for HEL-C3d3 in P3S , respectively (Figure 9; . The 
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amounts required for inducing memory were 5 pmoies and 
50 f moles for HEL in CPA and KEL-C3d3 in PBS , 
respectively. Therefore, attaching three molecules cf 
C3d to the antigen is 10 0-fcid more effective m 
5 lowering the threshold for acquired immune recognition 
than is the potent adjuvant, CFA. 

Participation of CD21 in vivo 

The participation of CD21 m the IgGl response to 

10 KEL-C3d3 was determined. Mice were administered 
m tracer it one ally 3 00 mg 7G6 ant i - CD2 1 or an 
isotype- matched control antibody 24 hr before 
immunization with 5 00 f moles of HEL-C3d3 in PBS 
subcutaneously . The IgGl anti-KEL titer at day 29 was 

15 less than 25 RU for the 7G6-treated mice and 4610 RU 
for the control mice. Analysis on day 29 by flow 
cytometry cf splenic lymphocytes stained with 7GS 
anti -CE2 i and 1D3 ant i -CD1S , respectively, indicated 
that treatment with 7G6 had eliminated detectable CD2 1 

20 on 3 cells without diminishing their expression of 
CD19 . (For FACS analysis, splenocytes were stained 
with 5/ig/ml 7G6 , 1D3 , or control antibody followed by 
?E-ccn]ugated goat anti-rat F(ab), (CalTag). 

2 5 Specificity cf the response 

Mice were cc - immunized subcutaneously in PES with 
25 ug keyhole limpet hemocyanin (KLH) alone or m the 
presence of 0.5 pmoies HEL-C3c3 . The IgGl response to 
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KUK cn day 14 was net: altered by the HEL - C3 d3 . 
indicating that C3d modifies the response only to the 
antigen to which it is bound. 



5 Construction and expression of murine SmB /SmB - C3 d3 
Murine SmB oDNA in pGEM 7Z:+was provided by 
J. Graft (Yale University) . SmB is a protein component 
of the small ribcnucleoprctei" particle involved in 
RNA splicing and is normally only expressed i r. the 

1C cytoplasm. We have been able to express this as a 
secreted soluble polypeptide fusion wit h C3d, by 
transiently trans: ecting COS cells . The interest in 
this self -antigen is overcoming tolerance of the 
immune sytem using the modulating effect of C3d. 

15 The full SmB sequence was cut from the vector 

using EcoRl and the coding sequence amplified by ?CR 
using primers which added a Bgl II restriction site to 
the 5' end and a BamKl site to the 3' end of the 
sequence . 

20 Forward primer (3EQ ID NO 13 ) : 

3 ' -CGCAGATCTATGACGGTGGGC-3 ' 
Reverse primer ( SEC ID NO 14) : 
r ' - GCGGGATGCAAGCAGACCTCG - 3 

?CR amplification consisted of 3 5 cycles of 1 
2 5 minute dena curat ion , annealing ( 5 5 °C) 

and extension. The FCH. product was phenc 1 /chloroform 
extracted and digested with BamKl and Bgl II and 
subcloned into BamKl/ Bgl II digested pBS . C3d (see 
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above) to generate pBS . SmB . Colonies were screened for 
correct orientation by Pvu II restriction digest and 
the SmB sequence confirmed by dideoxy- mediated 
sequencing using the Sequenase kit (U.S. Biochemical 
5 Corp. ) . 

SmB was then cut from p3S . SmB using BamHl and Bgl 
II and subcloned into pSG5 . YL {see above) and 
pSG5.C3d3.YL (see above) opened with 3amKl and Bgl XI. 
Colonies were screened for correct orientation by Pvu 

10 II digest. Correct insertion required ligation of the 
Bgl II site on SmB to the 3am HI site in the pSGS 
vectors and vice versa. These sites are consequently 
lost which was confirmed by 3am Kl and Bgl II digests. 
The resulting constructs are pSGS . SmB . YL and 

15 pSG5 . SmB . C3d3 . YL. 

Each complete cassette was then cut from the pSG5 
vectors by digestion with EcoRl and Xba l,gel 
purified, extracted and subcloned mtc pcDNA5 
(Invitrogen) which had been previously modified by 

20 removal of a 1159 bp Sma 1- Bst 1107 I fragment and 
then closed. The resulting plasmids were screened by 
Pvu II restriction digestion and are designated 
pCMV.SmS.YL and pCMV . SmB . C3d3 . YL . 

Expression of soluble recombinant protein by the 

2 5 pCMV vectors has been confirmed by transient 

transfection of COS cells by the DEAE Dextran method. 
Using in vitro labelling with 3 53 -methionine 
appropriately sized proteins for rSmB and rSmB.C3d3 
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have beer, immunoprecipitated from COS cell 
supernatant s using the YL1/2 antibody which recocnises 
the YL epitope on the recombinant proteins. 

The results described herein demonstrate that an 
immune response mounted against an antigen can be 
modulated by a discrete molecular modification of the 
antigen, attachment of C3d. The response may be 
enhanced by a magnitude of iO,CCG-fcid, which is far 
greater even than enhancement using complete Freund's 
adjuvant ( CFA) . 
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CLAIMS 

1. A ccrapcs::icr. comprising an antigen in 
association with a 1 igand fcr CI32 1 ( CR2 } cr C019, with 
5 the proviso that the antigen is not associated with a 
complement C3 fragment through an ester bond derived 
from the internal thioester of the complement C3 
fragment . 

12 2. A composition according to claim 1 wherein the 
antigen is a peptide cr a col vnceptide . 

3 . A composition according to claim 2 comprising a 
fusion protein which comprises said antigen and said 

15 1 igand. 

4 . A composition according to any of claims 1 to 3 
wherein said 1 igand comprises a C3d molecule. 

20 5. A composition according to claim 4 wherein said 
1 igand comprises mere than one C3d molecule. 

6. A conjugate comprising an antigen coupled to a 
C3d molecule, with the previse that the antigen is not 
2 5 associated with a complement C3 fragment through an 

ester bend derived from the internal thioester of the 
cornel erne nt C3 f racment . 
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7. A conjugate according to claim 6 comprising more 
than one C3d molecule. 

8. A conjugate according to claim 6 or claim 7 

5 wherein the immunogen is a peptide or polypeptide. 

9. A conjugate according to claim 3 which is a 
fusion protein. 

-° 10 - A fusion protein comprising a peptide or 

polypeptide antigen linked to a iigand for CD2 1 ( CR2 ; 
or CD1S . 

11. A fusion protein according to claim 10 wherein 
15 said ligand comprises a C3d molecule. 

12. A fusion protein according to claim 11 comprising 
mere than one C3d molecule. 

2- 13 . Nucleic acid encoding a fusion protein according 
to any of claims 9 to 12. 

14 . An expression vector comprising nucleic acid 
according to claim 13 and regulatory sequences for 

2o expression of the encoded fusion protein. 

15 . A host cell comprising nucleic acid according to 
claim 13 or an expression vector according to claim 
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15 . A penned cf making a fusion pro tern comprising a 
peptide or polypeptide and a iigand of CD 2 1 or CD13, 
5 the method comprising expression from nucleic acid 
encoding the fusion protein. 

17. A method cf making a fusion protein comprising a 
peptide or polypeptide and one or mere C3d molecules, 
10 the method comprising expression from nucleic acid 
encoding the fusion protein. 

13 . A method according to claim 15 or claim 17 
comprising culturing host cells comprising the nucleic 
15 acid under conditions for expression of tne fusion 
protein . 

19. A method comprising, following making cf a fusion 
protein m accordance with the method of any cf claims 

20 16 to IS, isolation of the fusion protein. 

20. A method comprising formulation of a composition 
comprising Cil a fusion protein according to any of 
claims 9 to 12 and (ii; a pharmaceutical ly acceptable 

2 5 excipient or carrier, following isolation of the 

fusion protein m accordance with the met nod of claim 
13 . 
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21 . A method cf altering the immunogenic! ty cf an 
antigen, the method comprising c out; liner zn vitro one 
or more C3d molecules to the antigen to form a 
conjugate molecule. 

5 

22. A method according to claim 21 wherein the 
immuncgenicity of the antigen is increased. 

23. A method according to claim 22 wherein a 

10 plurality of C3d molecules are coupled to the antigen. 

24. A method according to any one of claims 21 to 23 
wherein the or each C3d molecule is coupled to the 
antigen via a peptide bond. 

15 

25 . A method according to claim 24 wherein the 
conjugate molecule is made by expression from encoding 
nucleic acid . 

20 26 . A composition for administration to an 

individual, comprising a composition according to any 
of claims 1 to 5 and a pharmaceut icaliy acceptable 
excipient or carrier. 

25 27. A composition for administration to an 

individual, comprising a conjugate comprising an 
antigen coupled to a C3d molecule and a 
pharmaceut icaliy acceptable excipient or carrier. 
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2 S . A composition according ro claim 27 wherein Che 
conjugate comprises more than one C3d molecule. 

29. A composition according to claim 27 cr claim 23 
5 wherein the antigen is a peptide cr polypeptide. 

30. A composition according to claim 29 wherein the 
conjugate is a fusion protein. 

10 31. A composition for administration to an 

individual, comprising a fusion protein according to 
any of claims 10 to 12 and a pharmaceuti call*/ 
acceptable excipient or carrier. 

15 32. A composition according to any of claims 26 to 31 
for administration to an individual to modulate the 
immune response of the individual to the immune gen . 

33. Use of a composition according to any of claims 1 
2 0 to 5 m the manufacture of a medicament for modulating 

the immune response of an individual to the immune gen . 

34. Use of a conjugate comprising an antigen coupled 
to a C3d molecule in the manufacture of a medicament 

2 5 for modulating the immune response of an individual to 
the immunogen . 

35. Use according to claim 34 wherein the conjugate 
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comprises more than one C3d molecule . 

36. Use according co claim 34 cr claim 35 wherein Che 
antigen is a peptide or polypeptide. 

5 

37. Use according to claim 3 6 wherein the conjugate 
is a fusion protein. 

38. Use of a fusicn protein according to any of 

10 claims 10 to 12 in the manufacture of a medicament for 
modulating the immune response of an individual to the 
immunogen . 

39. Use according to any of claims 3 3 to 3 8 wherein 
15 the immune response comprises an antibody response. 

40. Use according to any of claims 3 3 to 3 9 wherein 
the immune response comprises a T-celi response. 

20 41. A method of modulating the immune response of an 
individual to an antigen of interest , the method 
comprising administration to the individual of a 
composition according to any of claims 1 to 5 . 

25 

42 . A method of modulating the immune response of an 
individual to an antigen of interest, the method 
comprising administration to the individual of a 
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conjugate comprising the antigen coupled to a C3d 
molecule . 

43 . A method according to claim 42 wherein the 
5 conjugate comprises more than one C3d molecule. 

44. A method according to claim 42 or claim 43 
wherein the antigen is a peptide or pciypept ide . 

C 45 . A method according to claim 4 4 wherein the 
conj ugate is a fusion protein. 

45. A method of modulating the immune resccr.se cf ar. 
individual to an antigen of interest, the method 

5 comprising administration to the individual of a 

fusion protein according to any of claims 13 to 12. 

47. A method according to any of claims 41 to 45 
wherein the immune response comprises an antibcdv 

0 response . 

48. A method according to any cf claims 41 to 47 
wherein the immune response comprises a T-ceil 
response . 

5 

49. A method of raising an antibody response to an 
antigen cf interest wnich comprises administration to 
a mammal of a composition comprising the antigen in 
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association with a 1 igand for C321 or CD19 . 

50. A method of raising an antibody response to an 
antigen of interest which comprises administration to 
a mammal of a conjugate comprising the antigen coupled 
to a plurality of C3d molecules. 

51. A method comprising isolation of antibodies from 
a mammal following administration to the mammal of a 
composition in accordance with claim 4 9 or a conjugate 
in accordance with the method of claim 50 . 
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